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Introduction
Myeloid cells, such as macrophages and dendritic cells (DCs), are a prominent constituent of inflammatory infiltrates in the central nervous system (CNS) during multiple sclerosis (MS) and experimental autoimmune encephalomyelitis (EAE). 1,2 These cells not only serve as antigen-presenting cells for the reactivation of infiltrating myelin-reactive CD4 ϩ T cells but are thought to directly inflict tissue damage through secretion of toxic factors, such as reactive oxygen species, proteases, and tumor necrosis factor-␣ (TNF-␣). 3, 4 They might also recruit naive myelin-reactive T cells into the effector pool in the context of epitope spreading. 5 We and others have demonstrated that bone marrow-derived CD11c ϩ major histocompatibility complex (MHC) class II ϩ DCs accumulate in the CNS during EAE and have the capacity to polarize naive T cells along encephalitogenic Th1 and Th17 lineages. 2, 6 However, the circulating cell that gives rise to CNS-infiltrating DCs and macrophages has yet to be defined. The specific chemokine pathways and adhesion molecule interactions required for infiltration of the CNS by myeloid cells will depend on whether they cross the blood-brain barrier as immature monocytes or as macrophages and DCs. Therefore, identification of the differentiation status of the migrating cell holds implications regarding candidate therapeutic targets in neuroinflammatory diseases, such as multiple sclerosis (MS).
Under steady-state conditions, mature myeloid lineages are maintained within lymphoid and peripheral tissues through controlled release of bone marrow progenitors/precursors into the peripheral circulation. 7 In the setting of infection or injury, myeloid cell mobilization is accelerated to meet the demands imposed by the increased turnover of macrophages and DCs at the site of inflammation. 8, 9 The pathways underlying expansion of peripheral myeloid cell pools under stress are thought to serve an adaptive role by reinforcing host protection against infectious agents and by promoting wound healing. 8 Conversely, leukocyte-mobilizing pathways might be subverted to sustain target organ inflammation during relapsing or chronic autoimmune disease. For example, the number of macrophages and DCs in the CNS contracts during remissions and rebounds during exacerbations of EAE, suggesting that myeloid precursors might be released at a heightened rate before, or in concert with, clinical disease activity. 10, 11 Recently, it was shown that CCL2 expression by nonhematopoetic (likely glial) cells is important for the accumulation of proinflammatory DCs in the CNS during acute EAE. 12 Furthermore, transgenic animals that simultaneously express CCL2 in the CNS and Fms-like tyrosine kinase 3 ligand in the periphery spontaneously develop meningeal and perivascular inflammation in association with an ascending paralysis. The neuroinflammation in this model appears to be primarily driven by myeloid cells and occurs independent of T and B lymphocytes. 13 The receptor for CCL2, CCR2, is expressed on a subset of so-called inflammatory monocytes that express the cell surface phenotype CD62L ϩ Ly6C hi CX3CR1 low . 14 These cells have been shown to traffic to sites of inflammation and to play a physiologic role in animal models of infection and atherosclerosis. [14] [15] [16] We considered this subset of monocytes to be a logical candidate for the precursors of CNS DCs and/or macrophages during autoimmune demyelination.
In the current study, we found that the frequency of granulocyte/ monocyte colony-forming units (GM-CFU) rises in the circulation of myelin-immunized mice immediately before clinical episodes of EAE in a granulocyte-macrophage colony-stimulating factor (GM-CSF)-dependent fashion. GM-CFU activity is contained within the CD11b ϩ CD62L ϩ Ly-6C hi subset of peripheral monocytes. Furthermore, we demonstrate that circulating CD11b ϩ Ly-6C hi white blood cells migrate to the CNS during EAE and up-regulate CD11c and MHC class II in situ. EAE is more severe and occurs after a shorter latency under conditions favoring the enrichment of circulating CD11b ϩ Ly-6C hi cells. Furthermore, administration of recombinant GM-CSF to GM-CSF-deficient animals triggers CD11b ϩ Ly-6C hi mobilization and confers susceptibility to EAE. Collectively, our results indicate that a GM-CSF-dependent pathway is used during autoimmune demyelinating disease to augment the release of CD11b ϩ Ly-6C hi cells from the bone marrow that, in turn, act as precursors of CNS DCs and macrophages.
Methods
Mice SJL, C57BL/6, and B6-LY5.2/Cr mice were obtained from the National Cancer Institute (Frederick, MD). GM-CSF Ϫ/Ϫ mice, provided by Bruce Trapnell (Cincinnati Children's Hospital Medical Center, Cincinnati, OH), were bred in our laboratory. Animals were housed under specific pathogenfree conditions. All experiments were performed under University of Rochester Committee on Animal Resources and University of Michigan Committee on Animal Use and Care of Animals-approved protocols.
Antibodies and reagents
The following monoclonal antibodies were purchased for flow cytometry: Ly6C (AL-21), MHC class II (7-16.17; BD Biosciences, San Jose, CA); and CD11c (N418), CD11b (M1/70), F4/80 (BM8), CD62L (MEL-14); and CD115 (M-CSF R; AFS98; eBioscience, San Diego, CA). Anti-GM-CSF monoclonal antibody (clone 22E9.11; ATCC, Manassas, VA) was purified from hybridoma supernatants on protein G columns (GE Healthcare, Little Chalfont, United Kingdom).
Induction and assessment of EAE
For active immunization, mice were immunized subcutaneously over the flanks with 100 g PLP 139-151 (SJL) or MOG (C57BL/6) in complete Freund adjuvant (CFA) containing 250 g Mycobacterium tuberculosis H37RA (Difco, Detroit, MI). C57BL/6 mice were injected intraperitoneally with 300 ng Bordetella pertussis toxin (List Biological Laboratories, Campbell, CA) on days 0 and 2 after immunization. For adoptive transfer, C57BL/6 mice were immunized with MOG in CFA (1:1) by the subcutaneous route, but without injection of pertussis toxin. Twelve days later, draining lymph nodes (inguinal and axillary) were removed and processed as previously described. Cells were cultured in standard medium with myelin peptide (50 g/mL myelin oligodendrocyte glycoprotein [MOG] ) and murine rIL-12 (5 ng/mL; R&D Systems, Minneapolis, MN). At 96 hours, cells were harvested, washed, counted by trypan blue exclusion, and injected into naive syngeneic recipients (16 ϫ 10 6 cells) intraperitoneally. Clinical assessment of EAE was performed according to the following criteria: 0, no disease; 1, limp tail; 2, hind-limb weakness; 3, partial hind-limb paralysis; 4, complete paralysis of one or more limbs; and 5, moribund state.
Colony-forming unit assays
Peripheral blood was collected via the tail vein into BD microtainer tubes (BD Biosciences) coated with ethylenediaminetetraacetic acid. Red blood cells were lysed, and recovered leukocytes were plated in 40% methylcellulose cultures supplemented with recombinant GM-CSF (10 ng/mL) and stem cell factor (60 ng/mL; PeproTech, Rocky Hill, NJ). GM-CFU (defined by a cluster of 8 or more cells) were quantified after 7 days of culture.
CNS cell isolation
Mice were anesthetized with avertin and perfused with phosphate-buffered saline (PBS) by the intracardiac route. Spinal cords were minced and digested with 2 mg/mL of collagenase (CLS-4; Worthington Biochemical, Freehold, NJ) and 1 mg/mL DNase I (DN25; Sigma-Aldrich, St Louis, MO) for 1 hour at 37°C. Pooled spinal cord cells were layered over a discontinuous Percoll gradient, centrifuged for 20 minutes at 1455g, and collected from the 30%/70% interface.
Flow cytometric analysis
Peripheral blood and CNS mononuclear cells were isolated as described under "CNS cell isolation" and incubated with F c Block (hybridoma 2.4G2; ATCC) followed by biotinylated or fluorochrome-conjugated antibodies for 25 minutes on ice. For secondary staining, cells were washed and incubated with peridinin chlorophyll protein-or allophycocyanin-conjugated streptavidin for an additional 25 minutes. Data acquisition was performed on a flow cytometer (FACSCalibur or FACS CantoII; BD Biosciences) and analyzed with FlowJo software (TreeStar, Ashland, OR). For cell sorting experiments, blood leukocytes were prepared from 20 donors, stained with the antibodies described, and sorted using a FACSAria (BD Biosciences). Some CD11b ϩ Ly-6C hi blood cells were analyzed for nuclear morphology using the HEMA3 stain set (Fisher Scientific, Pittsburgh, PA).
Real-time reverse-transcribed-polymerase chain reaction
RNA was isolated with TRIZOL (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. cDNA was synthesized with a reverse transcription kit (QuantiTect; QIAGEN, Valencia, CA). Polymerase chain reaction (PCR) was performed using a single-color real-time PCR detection system (MyiQ; Bio-Rad, Hercules, CA). IL-12p40, IL-12p35, interleukin-10 (IL-10), TNF-␣, and IL-6 primers and probes were designed with Beacon Designer software (Premier Biosoft International, Palo Alto, CA). IL-23p19, EBI3, inducible nitric oxide synthase (iNOS), and MMP9 primers and probes were purchased from Applied Biosystems (Foster City, CA). Samples were amplified over 40 cycles according to the following protocol: 15 seconds at 95°C, 1 minute at 60°C. Target gene expression was normalized to glyceraldehyde-3-phosphate dehydrogenase.
Treatment with clodronate liposomes
To enrich Ly6C hi cells during EAE, mice were injected intravenously with 0.25 mL clodronate liposomes (Roche Diagnostics, Mannheim, Germany) or PBS liposomes 24 hours after transfer of myelin-primed CD4 ϩ lymph node cells.
To deplete monocytes during the effector phase of EAE, mice were injected with 0.25 mL of clodronate liposomes on days 8, 10, and 12 after transfer of lymph node cells. Cl 2 MDP (or clodronate) was a gift of Roche Diagnostics.
Labeling of circulating Ly6C hi cells in vivo
Mice were injected with 0. 
Statistical analysis
Real-time reverse-transcribed (RT) PCR data were analyzed by the pairwise fixed reallocation randomization test with REST-XL software, version 2. In all other cases, statistical significance was assessed with the unpaired Student t test.
Results

Mobilization of myeloid precursors is accelerated before clinical episodes of EAE
We bled myelin-immunized SJL mice at serial time points according to clinical stage and measured the frequency of GM-CFU in methylcellulose culture with GM-CSF and stem cell factor. As shown in Figure 1A ,
For personal use only. on June 9, 2017. by guest www.bloodjournal.org From the frequency of circulating GM-CFU consistently rose shortly before the clinical onset and relapse of EAE but fell during remission. To identify the cellular source of GM-CFU in the circulation of myelinimmunized mice, methylcellulose cultures were set up with leukocytes sorted for cell surface profiles indicative of different maturation stages ( Figure 1B) . 17 Relatively immature Ly6C hi CD11b ϩ cells, as opposed to Ly-6C int or Ly-6C neg cells, gave rise to GM-CFU at a high frequency ( Figure 1C ). The majority of colonies contained 8 to 50 cells, indicative of 3 to 5 cell divisions (I.L.K. and B.M.S., unpublished data, January 25, 2006). Ly-6C hi blood leukocytes had bean-shaped nuclei typical of the monocyte/macrophage lineage ( Figure 1D ) and uniformly expressed the macrophage colony-stimulating factor receptor, CD115 ( Figure 1E ). Ly-6C hi precursors also expressed CD62L, 7/4, and F4/80, but were Ly-6G Ϫ , indicative of an inflammatory monocyte phenotype ( Figure  1E ; and I.L.K. and B.M.S., unpublished data, March 23, 2008) . 17 Furthermore, the circulating Ly-6C hi cells have forward-and side-scatter characteristics that fall within a monocyte, as opposed to a granulocyte, gate (I.L.K. and B.M.S., unpublished data, March 23, 2008) .
Consistent with the findings illustrated in Figure 1 , the frequency of circulating Ly-6C hi cells increased in parallel to GM-CFU before and during EAE exacerbations. This was true both in PLP 139-151 -immunized SJL mice undergoing a relapsing-remitting course and MOG -immunized C57BL/6 mice undergoing a chronic course (Figure 2A ,B; Figure S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article). The characterization of Ly-6C hi monocytes as bona fide DC precursors was validated by their expression of MHC class II and CD11c in response to short-term stimulation with GM-CSF ( Figure 2C ).
Ly-6C hi CD11b ϩ cells first began accumulating in the blood and CNS during the preclinical stage of disease (Figure 2A,D) . Immediately before the onset of clinical disease, the majority of Ly-6C hi CD11b ϩ cells in the spinal cord were CD11c Ϫ MHC class II Ϫ/lo . However, the CNS Ly-6C hi CD11b ϩ cell population was predominantly CD11c ϩ and MHC class II lo/hi during the symptomatic phase ( Figure 2D bottom panels) . Hence, immature monocytes that accumulate in the CNS during the preclinical stage either differentiate in situ or are replaced by a more mature subset as EAE evolves.
Ly-6C ؉ monocytes traffic to the CNS and express a proinflammatory phenotype
The aforementioned studies show that Ly-6C hi CD11b ϩ cells are mobilized into the circulation at an increased rate before EAE exacerbations, accumulate in the CNS during the preclinical phase of EAE, and differentiate into DCs on stimulation in vitro. We speculated that circulating Ly-6C hi cells home to the CNS and give rise to mature myeloid populations during EAE. To directly test that hypothesis, we capitalized on the previous observation that peripheral blood monocytes, transiently depleted with clodronate liposomes, are replaced within 18 to 24 hours by bone marrow mononuclear cells that are heavily enriched in the Ly-6C hi CD11b ϩ subset. 18 Under homeostatic conditions, intravenous injection of FITCconjugated microspheres results in preferential labeling of Ly6C Ϫ CD11b ϩ cells because of their relatively high phagocytic capacity. By contrast, the microspheres are selectively taken up by Ly6C hi cells when injected into clodronate-treated mice at the time of peripheral leukocyte reconstitution. 18 We injected host mice with clodronate liposomes and FITC-conjugated microspheres 24 and 42 hours after the adoptive transfer of myelin-specific T cells, respectively. Subsequent fluorescenceactivated cell sorter analysis confirmed that the majority of FITC ϩ peripheral blood mononuclear cells (PBMCs) from the clodronatetreated group were CD11b ϩ Ly-6C hi , whereas FITC ϩ PBMCs from control mice treated with PBS liposomes were predominantly CD11b ϩ Ly-6C Ϫ ( Figure 3A) .
By the time of peak EAE, a significant proportion of FITC ϩ cells had infiltrated the CNS of the adoptive transfer hosts that received clodronate liposomes, but not the CNS of hosts that had received PBS liposomes ( Figure 3B ). Virtually all of the CNSinfiltrating FITC ϩ cells were F4/80 ϩ Ly6C hi MHC class II hi and CD11c int or CD11c Ϫ (Figure 3C ), implying that circulating Ly-6C hi CD11b ϩ cells give rise to the mature macrophages and myeloid DCs that populate EAE lesions. These results were corroborated by parallel studies in which CD45.2 ϩ Ly-6C hi blood monocytes, transferred into CD45.1 congenic hosts with active EAE, developed into Ly6C hi MHC class II hi CD11c int /CD11c Ϫ CNS mononuclear cells ( Figure S2) .
By comparison to Ly-6C hi cells in the blood, Ly-6C ϩ MHC class II ϩ cells in the CNS up-regulated mRNA encoding p40 (the common subunit of IL-12 and IL-23), p19 (the IL-23-specific subunit), and IL-6 ( Figure 3D ). 19 Each of these genes has previously been shown to be indispensable for the induction of EAE. CNS Ly-6C ϩ MHC class II ϩ cells also expressed elevated levels of TNF-␣ and iNOS ( Figure 3D ).
Collectively, these data demonstrate that Ly-6C hi blood monocytes are a source of mature CNS-infiltrating myeloid cells during EAE and that For personal use only. on June 9, 2017. by guest www.bloodjournal.org From they acquire a proinflammatory genetic profile having crossed the blood-brain barrier.
Increasing the frequency of Ly-6C hi precursors during the effector phase of EAE accelerates the onset and severity of disease
As previously described, intravenous treatment of mice with with clodronate liposomes results in enrichment of Ly-6C ϩ cells in the circulating monocyte pool but does not affect other leukocyte subsets. 18 Ly6C hi cells comprise the majority of CD115 ϩ cells in the blood for 7 to 10 days after the intervention ( Figure 4A ). They are CD11b ϩ F4/ 80 ϩ CD62L ϩ Ly6G Ϫ , consistent with the cell surface profile of inflammatory monocytes. Based on our data that Ly6C hi blood cells develop into CNS Ly-6C ϩ MHC class II ϩ cells with a proinflammatory profile, we speculated that administration of clodronate liposomes shortly after adoptive transfer would exacerbate the clinical course of EAE. For personal use only. on June 9, 2017. by guest www.bloodjournal.org From Mice were injected with clodronate or PBS liposomes 18 hours after receiving encephalitogenic CD4 ϩ T cells. As shown in Figure 4A , clodronate liposome treatment initially depleted all circulating CD115 ϩ cells. Newly mobilized monocytes, which were skewed toward the immature Ly-6C ϩ subset, reconstituted the blood within 2 days. Consequently, from day 3 onward, clodronate liposome-treated mice had a significantly higher number of Ly-6C ϩ cells per milliliter of blood than PBS liposome-treated controls ( Figure 4B and I.L.K. and B.M.S., unpublished data, June 1, 2008) . Consistent with our hypothesis, administration of clodronate liposomes shortly after adoptive transfer resulted in an accelerated and more severe clinical course ( Figure 4C ). By contrast, repetitive treatment with clodronate liposomes beginning 8 days after T-cell transfer (a regimen that wholly depletes all monocytes from the circulation through out the effector stage) suppressed EAE and delayed its onset ( Figure 4C ).
GM-CSF triggers accelerated myelopoiesis during EAE
GM-CSF-deficient (Ϫ/Ϫ) mice and wild-type (WT) mice treated with neutralizing antibodies to GM-CSF are resistant to EAE. 20 For personal use only. on June 9, 2017. by guest www.bloodjournal.org From MOG-immunized GM-CSF Ϫ/Ϫ mice mount reduced IL-2 and interferon-␥ recall responses, indicating that the cytokine plays a role in autoreactive CD4 ϩ T-cell priming and/or Th differentiation, probably via indirect effects on antigen-presenting cells. However, GM-CSF has pleiotrophic functions, suggesting that it may act at multiple steps in autoimmune pathogenesis. It is well established that GM-CSF stimulates the mobilization of myeloid cells from the bone marrow during inflammation. 21 Based on our earlier data, we speculated that one mechanism by which GM-CSF promotes EAE is to accelerate the release of bone marrow Ly-6C hi precursors that ultimately differentiate into CNS-infiltrating DCs and macrophages. Indeed, although circulating Ly-6C ϩ monocytes expanded more than 60-fold immediately before expected EAE onset in WT mice, their levels remained stable in GM-CSF Ϫ/Ϫ mice that were actively immunized in an identical fashion ( Figure 5A ). Similar results were obtained when myelin-immunized WT mice were treated with neutralizing antibodies to GM-CSF ( Figure 5B) . Conversely, administration of recombinant GM-CSF to immunized GM-CSF Ϫ/Ϫ mice triggered Ly-6C hi monocyte mobilization and restored susceptibility to EAE ( Figure 5C ).
Discussion
Numerous studies have demonstrated the importance of phagocytic cells, and CD11b ϩ DCs in particular, for the formation of CNS infiltrates and the manifestation of neurologic deficits during EAE. Accumulating evidence implicates myeloid DC in the pathogenesis of MS as well. 1-3 EAE occurs in mice with MHC class II expression restricted to CD11c ϩ cells. 3 Hence, DCs alone are sufficient for the priming and expansion of encephalitogenic T cells in vivo. Furthermore, we and others have found that CD11c ϩ , but not CD11c Ϫ , CD11b ϩ cells isolated from the CNS of mice with EAE are particularly well equipped to polarize myelin-specific T cells toward the Th1 and Th17 pathways. 2, 22 These cells have also been implicated in epitope spreading in the context of relapsing disease. 5 In addition, macrophages can secrete toxic factors and serve as local antigen-presenting cell in the CNS. 4, 23 Despite the critical role of mature myeloid cells in neuroinflammation, their origin is not well understood.
In the past, researchers have proposed that CNS DCs arise from transformed microglia based on in vitro experiments in which microglia up-regulated CD11c and acquired DC-like morphology after stimulation with GM-CSF. 24 However, studies with bone marrow chimeric mice have shown that the majority of DCs in EAE lesions are derived from radiosensitive hematopoietic cells. 2, 3 Before the current report, the phenotype and maturation stage of the circulating cell that crosses the blood-brain barrier to become a CNS DC was unknown. Here we establish that CD11b ϩ CD115 ϩ Ly-6C hi blood monocytes are a precursor of CNS DCs and macrophages in EAE lesions. These cells are dynamically regulated during the course of EAE, accumulating in the blood and CNS immediately before clinical episodes. Several groups have found that circulating monocytes can give rise to CD11b ϩ CD45 lo microglia in other experimental systems. 25, 26 We did not find that to be the case in our EAE model.
Although Ly-6C Ϫ monocytes migrate to the CNS under steadystate conditions, they do not tend to home to sites of inflammation. 14 Therefore, we focused our studies on CD11b ϩ Ly-6C hi precursors. However, our findings do not exclude a parallel role of For personal use only. on June 9, 2017. by guest www.bloodjournal.org From Ly-6C Ϫ blood monocytes in EAE. A primitive c-Kit ϩ CX 3 CR1 ϩ bone marrow progenitor has been described that exclusively gives rise to macrophages and DCs (MDPs) in the lung and intestinal lamina propria during homeostasis. 27 We are currently investigating whether such alternative cell types also migrate to CNS demyelinating lesions.
There are conflicting data in the literature as to whether CD11b ϩ Ly6C hi (or Gr-1 ϩ ) cells act as regulators or inducers of inflammation. This controversy is reflected in the paradoxical use of the terms "myeloid derived suppressor cells" and "inflammatory monocytes" to describe cells bearing those markers. 14, 28 The former term has been most widely used in studies of antitumor immunity and allograft tolerance in reference to GM-CSF-driven CD11b ϩ Gr-1 ϩ cells that inhibit protective CD8 ϩ T-cell responses and/or trigger T-cell apoptosis. 28 An analogous population of myeloid cells, expressing the phenotype CD11b ϩ Ly6C hi F4/80 ϩ CD11c Ϫ , was recently found to expand in spleens of mice with EAE. 29 Consistent with the cancer immunity literature, those cells suppressed polyclonal CD4 ϩ and CD8 ϩ T-cell proliferation and cytokine production and induced CD4 ϩ T-cell apoptosis in vitro via an NOS2/arginase 1-dependent pathway. 29 Of note, the authors did not determine whether their myeloid derived suppressor cells trafficked to the CNS, nor did they assess their effect on the clinical course.
On the other hand, Geissmann et al performed adoptive transfer studies to show that CD11b ϩ CCR2 ϩ CD62l ϩ Gr-1 ϩ cells are selectively recruited to sites of inflammation (in this case, thioglycollateinduced peritonitis) and differentiate into DCs in situ. 14 Similarly, CD11b ϩ Ly6C hi cells traffic to sites of Listeria infection in response to CCR2 ligands and develop into TNF-␣ and iNOS-producing DCs, which are critical for efficient bacterial clearance. 16, 30 Furthermore, CD11b ϩ Ly6C hi cells migrate to the CNS during Listeria infection. 31 In our studies, CD11b ϩ Ly-6C hi cells in the circulation of myelin-immunized mice behaved in a manner more reminiscent of inflammatory monocytes than myeloid derived suppressor cells. They uniformly expressed CD62L ( Figure 1E ) and preferentially homed to the inflamed CNS on transfer into hosts with active EAE. On transgressing the blood-brain barrier, a significant percentage of these monocytes up-regulated CD11c as well as TNF-␣ and iNOS, thereby acquiring characteristics of TNF-␣ and iNOS-producing DCs. 30 More importantly, enrichment/augmented mobilization of Ly-6C hi cells in the circulation (either by treatment of WT mice with clodronate liposomes or reconstitution of GM-CSF Ϫ/Ϫ mice with recombinant GM-CSF) exacerbated clinical EAE. Similarly, the administration of G-CSF to accelerate myelopoiesis in MS patients after bone marrow transplantation was associated with severe disease exacerbation. 32, 33 A unifying explanation of the aforementioned data is that recently exported CD11b ϩ Ly6C hi cells are at a stage in which their differentiation potential remains flexible, allowing them to acquire opposing biologic functions based on signals from the local microenvironment. For example, there is evidence that neoplastic cells secrete factors that favor the differentiation of tumorinfiltrating monocytes into myeloid derived suppressor cells in situ. 28 Conversely, we propose that the microenvironment established in the CNS during active EAE is conducive to development of proinflammatory DCs that promote Th1 and Th17 polarization. It is possible that the CNS microenvironment evolves during the course of disease, such that infiltrating CD11b ϩ Ly6C hi are induced to adopt an innocuous, or even immunosuppressive, phenotype at times close to clinical remission. Indeed, we have previously found that CNS DCs lose immunostimulatory properties immediately before the onset of the remission phase. 2 Our results provide insights into the mechanism of resistance of CCR2-deficient and CD62L-deficient mice to EAE, in that expression of both of those molecules by circulating CD11b ϩ Ly6C hi cells could facilitate their migration to the CNS during active EAE. 34, 35 In support of this theory, reconstitution of CD62L-deficient mice with WT monocytes restored susceptibility. 35 Resistance of GM-CSF-deficient mice may be, in part, secondary to impaired mobilization of CD11b ϩ Ly6C hi cells from the bone marrow. 16 By extension, agents that specifically block CD11b ϩ Ly6C hi cells from trafficking into the circulation and/or peripheral tissues might be therapeutically useful in autoimmune diseases, such as MS, when administered during lesion formation. These agents probably impede the access of inflammatory monocytes to the target organ and their subsequent development into Th1/Th17-polarizing DCs. However, caution must be exercised in that the very same intervention could theoretically exacerbate disease by suppressing myeloid-derived suppressor activity if administered close to the time of remissions.
